The relationship between polar geomagnetic variations and the polarity of the interplanetary magnetic sectors' has been studied for the quiet year 1965. It is found that during the day hours a system of ionospheric currents encircles the magnetic poles on every day. The current system may extend up to 15 ø from the pole but is strongest at 8ø-10 ø invariant colatitude. The current direction as seen from near the magnetic poles is counterclockwise during interplanetary sectors with field pointing away from the sun and clockwise during toward sectors. The current strength is dependent on season, being strongest during local summer. When the magnetic pole is on the nightside of the earth, this polar cap current is absent or very weak. When the rotation of the earth brings the magnetic pole into the dayside, the polar cap current system develops, with the current being most concentrated in the part of the current system that is nearest to the noon meridian. The current increases its total intensity until the magnetic pole is rotated past the noon meridian; then the intensity decreases as the magnetic pole approaches the nightside again. The seasonal variation of the magnetic elements in the polar cap is discussed in view of the sector polarity effects. These effects introduce an important modulation of the seasonal variations of the geomagnetic polar field. The demonstration of current systems inside the polar caps encircling the magnetic poles during local day hours calls for a major revision of the generally accepted picture of polar cap geomagnetic variations. It also suggests a new framework for interpreting polar cap observations of geomagnetic and related phenomena.
The cause of the polar cap disturbances is not well understood within the frame of traditional concepts. It is the purpose of this paper to present a unified view of the large-scale features of polar cap disturbances. The special polar cap disturbances differ from auroral latitude activity in several important ways, the most prominent being that auroral latitude activity peaks at midnight, whereas polar cap disturbances are most prominent around noon. The polar cap disturbances are usually described as being irregular without distinct patterns, so that they cancel out when several days are averaged; in this way the average daily variation takes on its simple form as described above. However, Svalgaard [1968 Svalgaard [ , 1972 and independently Mansurov [1969] found a regularity in the polar cap disturbances related to the direction of the interplanetary magneti.c field. When the earth is immersed in an interplanetary magnetic sector [Wilcox, 1968] with field directed away from the sun, daytime disturbances are observed at very high latitudes that are directed dominantly away from •he earth. When the earth is within a toward sector, the disturbance field is directed toward the earth in both polar cap s. A recent review of this effect has been given by Wilcox [1972] .
This relationship between the interplanetary magnetic field (IMF) polarity and the daytime polar cap disturbances is so distinct even on individual days that it has been possible to infer the IMF polarity on a day by day basis [Friis-Christensen et al., 1971; Svalgaard, 1972] . A closer inspection of the few days of disagreement between the inferred field polai•ity and the field polarity observed with spacecraft showed [Friis-Christensen et al., 1972] that on mos• of such days the direction of the interplanetary field departed considerably from the average archimedean spiral direction, causing the azimuthal componen• of the field to be in the opposite direction to that expected for a spirallike field. This led Friis-Christensen et al. [1972] to suggest that the cause of the effects observed in the polar geomagn. etic field was not the IMF polarity as such but rather the direction of the azimuthal component of IMF. It is, however, relatively rare that the IMF deviates so much from the spiral direction that the sign of the •MF polar!ty and the were then selected. The current direction as seen from the earth Lake, which provided additional coverage. The is counterclockwise in away sectors and clock-geomagnetic field data were first converted to wise in toward sectors. Finally, the current X, Y, and Z components and then corrected strength is dependent on season, being strong for secular variation. All days with data gaps during local summer and weak during the were then excluded to allow meaningful daily winter. variations to be computed.
The existence of a current system inside the Daily variations of all three components were polar •ap encircling the.magnetic pole during then computed for each IMF polarity sepalocal day hours calls for a major revision rarely for the whole year, as well as for different of the currently accepted picture of polar cap seasons, a season being defined here as 120 geomagnetic variations. It also suggests a new days centered on a solstice or an equinox. framework for interpreting polar cap observa-Finally, the average daily variations through tions of geomagnetic and related phenomena. the year were computed using all days irrespective of IMF polarity. Since the computed
DATA A•A•,YS•S daily variations consist of sets of 24 hourly
The present study uses, geomagnetic data field values instead of deviations from the daily supplied by World Data Center A for Geo-mean value, they may be directly compared magnetism, as well as sector polarity data with each other. The uniformity of the average given by Wilcox [1968] . The analysis extends daily variation of the polar cap field as disover the year 1965, partly due to availability cussed in the introduction indicates. that variaof digitized data for that interval. To eliminate tions with period of several hours are not days on which the IMF was not close to the influenced very much by local inhomogeneities spiral direction or when the field was of mixed in subsoil conductivity. This is especially enpolarity, the following procedure was used: couraging in the case of Alert, which shows Using Z magnetograms from Resolute Bay and severe induction effects for short-period varia- Jan. 1 Compared to the 15ø-20 ø diameter of the current system, this displacement is but a minor secondary effect. The main conclusion is that the current system occupies the central polar cap around the magnetic pole throughout its existence.
While the location of the current system does not change very much, the magnitude of its magnetic effects (and therefore probably the current intensity) on the contrary shows a very marked variation throughout the day. This is easily seen in Figures 2, 3, and 7 , where the largest perturbations are observed in the interval 1500-2100 UT, while the amplitude has decreased to 0 in the interval 0300-0900 UT. Table 2 The following interpretation of the data might be suggested. When the magnetic pole is on the nightside of the earth, the polar cap current is absent or very weak. When the rotation of the earth brings the magnetic pole into the dayside, the polar cap current system develops, the current being most concentrated in the part of the current system that is nearest the noon meridian. The current increases its total intensity until the magnetic pole is rotated past the noon meridian; then the intensity starts to decrease as the magnetic pole approaches the nightside again. The initial development of the current system seems to be strongest slightly south of the magnetic pole; the current density is then increasing northward during the day hours.
There is an interesting asymmetry between the two IMF polarities with regard to the time of maximum development of the northern polar cap current system. The current seems to reach its maximum intensity about i hour earlier during toward IMF polarity than during away polarity. This effect is clearly seen in Table 2 is very small during winter but increases sharply toward the summer. In addition, we note that the change throughout the year is nearly identical for all three stations; this seems to be a consequence of the fact that all three are well within the rather uniform perturbation field of the encircling polar cap current.
The very pronounced seasonal variation of the intensity of the polar cap current may be an indication of dependency on ionospheric conductivity or on the tilt of the magnetic axis of the earth, or on both.
There exists another seasonal effect in the time of maximum perturbation, which for the northern polar cap stations studied occurs earlier during the summer than during the winter. Average time for both polarities of IMF is given because there is no systematic difference between the two polarities with regard to the change to earlier hours of the perturbations during summer. The total change from winter to summer is also given together with the geographic latitudes of the stations. toward earlier hours of maximum perturbation as we go from winter to summer. This, effect might depend on geographical latitude; it is largest at the northernmost station, Alert, and becomes smaller with decreasing geographic latitude. There is evidence (Figure 9 ) from Vostok (invariant latitude--84.9 ø) that this seasonal effect is reversed in the southern polar cap, so that the time of maximum perturbation changes toward later hours from winter toward local summer. However, more study of this particular effect is needed before a definitive conclusion can be reached on that point.
We have shown that significant daily and seasonal variations of the location and intensity of the polar cap current system exist; their nature suggests that ionospheric conductivity as well as magnetospheric geometry probably both play a role in the mechanism responsible for originating and maintaining the pola•r cap current system. The variation of ionospheric conductivity across the polar cap is so small that the small-scale variations of the morphology of the current system (such as an earlier development of the system during toward sectors) cannot be explained by differences in conductivity. 
SEASONAL VARIATION OF MAGNETIC ELEMENTS

